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© Activated carbon fiber structure and process for producing the same. 



© An activated and heat-treated product of a pitch 
fiber (A) is combined with an activated and heat- 
treated product of a precursor fiber of carbon fiber 
(B) having a larger elongation and a larger shrinkage 
during activation treatment thereof than those of the 
pitch fiber (A) to provide an activated carbon fiber 
structure. The activated carbon fiber structure is 
produced by subjecting the pitch fiber (A) and the 
precursor fiber of carbon fiber (B) to an activation 
treatment before or after the fibers (A) and (B) are 
formed into a configuration corresponding to a fiber 
structure through mixing or laminating. 
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ACTIVATED CARBON FIBER STRUCTURE AND PROCESS FOR 



PRODUCING THE SAME 

The Present invention relates to an activated 
carbon fiber structure excellent in processabillty, 
durability, absorptive and desorptive characteris- 
tics, etc., and to a process for producing the same. 
More particularly, the present invention relates to 
an activated carbon fiber structure well adapted for 
use as an adsorbent, a deodorizer, a filter, etc., and 
to a process for producing the same. 

Activated carbon fibers are produced by treat- 
ing a variety of respective carbon fibers or precur- 
sor fibers of carbon fibers with steam, carbon diox- 
ide or the like to activate the same. However, no 
carbon fibers which are satisfactory in overall per- 
formance, including processabillty, durability, etc., 
have so far been materialized. 

For example, activated carbon fibers of the 
phenolic resin type have a large specific surface 
area and can be relatively arbitrarily controlled in 
pore size. Therefore, they are characterized by 
being suitable for a wide range of substances to be 
absorbed ranging from low molecular weight ones 
to high molecular weight ones, as well as by their 
ability to absorb large amounts. However, Phenolic 
resin fibers as the precursor fibers of these ac- 
tivated carbon fibers have a defect of poor pro- 
cessabillty during the course of forming the same 
into a fiber structure because of their low tensile 
strengths, despite their large elongations. 

In order to obviate this defect, the activated 
carbon fibers or the precursor fibers thereof are 
reinforced with a high-strength fiber. However, this 
quite often entails deteriorated overall adsorption 
efficiency and reduced heat resistance of the re- 
inforced structure. 

Furthermore, since phenolic resin fibers un- 
dergo high shrinkage during the course of heat 
treatment thereof for activation (hereinafter referred 
to as "activation treatment"), there arises a prob- 
lem that a large morphological change occurs be- 
tween before and after activation treatment 

On the other hand, activated carbon fibers of 
pitch type are substantially comparable in adsorp- 
tive performance to the activated carbon fibers of 
phenolic resin type, and have been high in tensile 
strength and modulus of elasticity before activation 
thereof. Nevertheless, the activated carbon fibers of 
pitch type tend to be brittle because of their small 
elongations. This presents a problem of poor hand- 
leability of fiber during the course of shaping the 
fiber into a structure. 

Unlike common organic fibers, carbon fibers of 
pitch type are relatively free from twisting, bending 
and crimping, and substantially circular in cross 



section, with the result that th y have a characteris- 
tic liability to undergo interfiber adhesion. This fa- 
vorably increases the utilization of fiber strength in 
the case where the carbon fibers are used as 

s reinforcing fibers, but presents a problem that 
when the carbon fibers are used as adsorbents, 
fluid migration is hindered to keep an adsorbate 
component from diffusing through interfiber spaces 
because the fibers are liable to undergo interfiber 

io adhesion. Furthermore, the carbon fibers of pitch 
type involve the difficulty in effective needling be- 
cause of their liability to interfiber exfoliation, there- 
by presenting a problem that a difficulty is encoun- 
tered in manufacturing therefrom mats and the like 

75 with high bulk density. 

An object of the present invention is to provide 
an activated carbon fiber excellent in overall perfor- 
mance, including processability, adsorptive and de- 
sorptive characteristics, etc., and a structure con- 

20 stituted thereof. 

Another object of the present invention Is to 
provide a solution to the problems ensuing from 
the low strengths and large shrinkages of the con- 
ventional organic fibers such as phenolic resin fi- 

25 bers. 

A further object of the present invention is to 
provide such an improvement as to overcome the 
small elongations and poor processabilities as well 
as problematically excessive interfiber adhesion or 

30 exfoliation of the conventional activated carbon fi- 
bers of pitch type. 

In accordance with one aspect of the present 
invention, there is provided an activated carbon 
fiber structure comprising an activated and heat- 

35 treated product of a pkAfliber^p ty and an ac- 
tivated and^heat^freafea" product of a precursor 
fiber of caroon fiber tB) havjng^aj^iaexjalongation 
and a largor ^shririjsdge d uring activati on freagrT ent 
thereof ttwi those T of the pitch fiber (A). 

40 In accordance with *aftOtrTer aspect of the 
present invention, there is provided a process for 
producing an activated carbon fiber structure, com- 
prising the step of subjecting a pitch fiber (A) and a 
precursor fiber of carbon fiber (B) having a larger 

45 elongation and a larger shrinkage during activation 
treatment thereof than those of the pitch fiber (A) to 
an activation treatment before or after the pitch 
fiber (A) and the precursor fiber of carbon fiber (B) 
are formed into a configuration corresponding to a 

50 fiber structure through mixing or laminating. 

The present invention will now be described 
more specifically. 

The term "fiber structure" as used in the 
present invention is such a generic term as to 
include cotton-like matter, filaments, spun yams. 
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slivers, non-w ven fabrics, wov n fabrics, knitted 
fabrics, combinations thereof, and other structures 
of fibers with an arbitrary shape formed through 
simp! mbdng, laminating or th life . 

The formation of the pitch fiber (A) and the 
precursor fiber of carbon fiber (B) into the configu- 
ration corresponding to the fiber structure through 
mixing, laminating or the tike is done specifically 
by a customary method such as blending, carding 
or laminating of mat-like forms thereof. 

The combination of the pitch fiber (A) having a 
high strength with the precursor fiber of the carbon 
fiber (B) having a large elongation greatly improves 
the processability of fibers during the course of 
foirninothe same into the configuration corre- 
sporraingto^ttje fiber structure. 

Rjtch fiber^ of petroleum, coal or like type as 
comrnofily~Tised as starting materials of activated 
carbon fibers can be used as the pitch fiber (A) to 
be used in the present invention. Preferred are 
pitch fibers formed by spinning isotropic pitch hav- 
ing a high softening point of, for example, at least 
120 *C according to a common melt-spinning, 
mett-blow or like method. 

The pitch fiber (A') formed from isotropic pitch, 
which is easy of activation, can be converted into 
an activated carbon fiber excellent in adsorptive 
characteristics. Since the pitch fiber before treated 
to be rendered infusible is so extremely weak as to 
be often incapable of resisting the processing 
thereof to form the same into the configuration 
corresponding to the fiber structure, it is preferable 
that the pitch fiber after treated to be rendered 
infusible or to be slightly carbonized should be 
used as the pitch fiber (A). 

Alternatively, the pitch fiber (A) carbonized at a 
temperature higher than the activation treatment 
temperature may be used, but the use of it is 
economically disadvantageous. 

The precursor fiber of carbon fiber (B) to be 
used in the present invention, which is an organic 
fiber not required to be rendered infusible, is pref- 
erably at least 5 % larger in elongation than the 
pitch fiber (A), and is preferably 7 to 30 % larger in 
shrinkage during the course of the activation treat- 
ment thereof than the pitch fiber (A). 

When the precursor fiber (B) is inside of 5 % 
larger in elongation than the pitch fiber (A), the 
effect of improving the processability of the pitch 
fiber (A) during the formation Into the configuration 
corresponding to the fiber structure may be so 
poor that damage to the fiber structure may be 
unfavorably increased. 

As will be apparent from the foregoing descrip- 
tion, one feature of the present invention lies in the 
use of the precursor fiber of carbon fiber (B) having 
a larger shrinkage during the course of the activa- 
tion treatment thereof than the pitch fiber (A). 



When the pitch fiber (A) and the precursor fiber 
(B) are subjected in the form of a fiber structure to 
the activation treatment a specific difference of 7 
to 30 % in shrinkag therebetween gives rise to a 

s dimensional diff rence in terms of length between 
the two types of fibers In th fib r structure, which 
in turn gives rise to bending of th pitch fiber (A) 
(reduced shrinkage and hence retaining more 
length) in the areas of bundles of juxtaposed fiber 

70 filaments to hardly cause interfiber adhesion of the 
pitch fiber (A) while mitigating the shrinkage of the 
precursor fiber (B). This makes the fiber structure 
bulky as a whole. This facilitates the migration by 
diffusion of an adsorbate through the inside of the 

15 resulting activated carbon fiber structure to improve 
the adsorptive effect thereof. 

Furthermore, making the fiber structure bulky 
in this way improves the compression resistance, 
impact resistance and fatigue resistance thereof. 

20 When the shrinkage of a fiber used to bundle, 
entangle or sew the fibers (A) and (B) together to 
form the configuration corresponding to the fiber 
structure is large, the fiber structure is compressed 
in keeping with the shrinkage of the bundling, en- 

26 tangling or sewing fiber to raise the density of the 
structure, with the result that the fiber-holding pow- 
er of the structure is Increased to improve the 
abrasion resistance and vibration resistance of the 
fiber structure. 

30 When the difference of the shrinkage of the 
precursor fiber of carbon fiber (B) from that of the 
pitch fiber (A) is smaller than 7 %, the effects of 
imparting bulkiness and the like to the fiber struc- 
ture, which are aimed at in foe present invention, 

as may not be fully exhibited, with the result that the 
performance of the fiber structure may unfavorably 
be not far from those of conventional activated 
carbon fiber structures. 

When it is larger than 30 %, the strain applied 

40 to the precursor fiber (B) having the larger shrink- 
age and the stress applied to the pitch fiber (A) 
Inside the activated carbon fiber structure may 
grow too strong, with the result that the durability of 
the activated carbon fiber structure may adversely 

45 be lowered. The difference of the shrinkage of the 
fiber (B) from that of the fiber (A) during activation 
treatment is more preferably 15 to 25 %. 

The activation treatment of the pitch fiber (A) 
and the precursor fiber of carbon fiber (B) may 

so essentially be effected by any known method. In 
general, it is effected through heating using a reac- 
tive gas such as steam or carbon dioxide in an 
inert atmosphere such as nitrogen at a temperature 
of about 700 to 1 ,200 * C for a period of about 0.5 

55 to 4 hours. This treatment easily enables the fibers 
constituting the fiber structure to be rendered so 
porous and active as to be capable of adsorbing a 
fluid. 
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The activation treatment is made preferably 
aft r the fibers are treated to be rendered infusible 
or to be slightly carbonized. The activation treat- 
ment may be made either before or after th fib rs 

(A) and (B) ar formed into the configuration cor- 
responding to th fiber structure. It is how ver 
preferable from the viewpoint of handling that the 
treatment be performed after the formation into the 
configuration corresponding to the fiber structure. 

Heat-resistant precursor fibers of carbon fiber 
capable of being activated without infusibili2ation 
are preferable as the precursor fiber of carbon fiber 

(B) to be used in the present invention. In this 
respect, phenolic resin fibers are especially pre- 
ferred. 

The proportion of the pitch fiber (A) to the 
precursor fiber of carbon fiber (B) in combination 
can be arbitrarily set without any particular limita- 
tions in accordance with characteristics such as 
bulkiness, which are required of the activated car- 
bon fiber structure to be produced according to the 
present invention. In order to take full advantage of 
the merits of both the pitch fiber (A) and the 
precursor fiber (B), however, the proportion of the 
pitch fiber (A) to the precursor fiber (B) in combina- 
tion is preferably about 30 to 70 wt. %. 

The activated carbon fiber structure of the 
present invention is capable of taking various forms 
such as yams, woven fabrics, knitted fabrics, non- 
woven fabrics and composite structures thereof. 

The activated carbon fiber structure of the 
present invention is relatively bulky and excellent In 
cushioning properties, and hence is characterized 
by being strongly resistant to impact, abrasion and 
flexure. 

The activated carbon fiber structure of the 
present invention is also characterized by having 
uniform interfiber spaces and allowing for easy 
diffusion of adsorbate substances and desorbate 
substances (substances capable of being desor- 
bed) through the inside thereof. 

The activated carbon fiber structure of the 
present invention, which holds the shape of fibers, 
can be used as a general-purpose adsorbent, de- 
odorizer, fitter, etc. TTie activated carbon fiber 
structure of the present invention is also excellent 
as an adsorbent for use in removal of foul odors 
and the like in rooms and inside cars because it 
exhibits an excellent performance even in almost 
stationary fluid surroundings. 

Advantageous functions of the present inven- 
tion will be summarized as follows. 

According to the present invention, process- 
ability is greatly improved by mixing or laminating 
together the pitch fiber (A) having a high strength 
and the precursor fiber of carbon fiber (B) having a 
large elongation into the configuration correspond- 
ing t th fiber structure. 



When the pitch fiber (A) and the precursor fiber 
of carbon fiber (B) are subjected in the form of a 
fiber structure to th activation treatment a specific 
difference in shrinkage therebetween gives rise to 
6 dimensional differenc in t rms of I ngth between 
the two types of fibers in th fib r structure, which 
in turn gives rise to bending of the pitch fiber (A) 
(reduced shrinkage and hence retaining more 
length) in the areas of bundles of juxtaposed fiber 

10 filaments to hardly cause interfiber adhesion of the 
pitch fiber (A) while mitigating the shrinkage of the 
precursor fiber (B), with the result that the fiber 
structure is rendered bulky as a whole. This bulki- 
ness of the fiber structure facilitates the migration 

75 by diffusion of an adsorbate through the inside of 
the resulting activated carbon fiber structure to 
improve the adsorptive effect thereof. 

The bulkiness of the fiber structure improves 
the compression resistance, impact resistance and 

20 fatigue resistance thereof. When the shrinkage of a 
fiber used to bundle, entangle or sew the fibers (A) 
and (B) together to form a configuration corre- 
sponding to the fiber structure is large, the fiber 
structure is compressed in keeping with the shrink- 

25 age of the bundling, entangling or sewing fibers to 
raise the density of the structure, with the result 
that the fiber-holding power of the structure is 
increased to improve the abrasion resistance and 
vibration resistance of the structure. 

30 The following Examples will now specifically 
illustrate the present invention in more detail, but 
should not be construed as limiting the scope of 
the Invention. j 

as Example 1 ' 

Isotropic coal pitch having a softening point of 
245 *C as a raw material was spun, rendered 
infusible and carbonized slightly (maximum tem- 

40 perature: 630 * C) to prepare a pitch fiber (A). The 
carbon fiber [pitch fiber (A)] having a diameter of 
14 fcm, a cut staple fiber length of about 50 mm, a 
tensile strength of 60 kg/mm 2 and an elongation of 
2.9 % was mixed with the same amount by weight 

46 of a 2-denier phenolic resin fiber having a staple 
fiber length of about 50 mm, a tensile strength of 
20 kg/mm 2 and an elongation of 35 % (Kynol 
manufactured by Gun-ei Chemical Industry Co., 
Ltd.) as a precursor fiber of carbon fiber (B) to spin 

so yams. 

The resulting spun yams (cotton count 6) were 
woven into a plain fabric having a density of 12 
woof strands/25 mm x 12 warp strands/25 mm. 
This fabric was treated in a nitrogen stream con- 
55 taining 35 vol. % of steam at 850 * C for 1 hour to 
be activated. 

The resulting activated carbon fiber fabric had 
a specific surface area of 1 , 645 m z /g and showed 
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a decoloring capacity of 227 ml/g in terms of th 
maximum amount of Methylene Blue decolored per 
g of fiber when examined by a Methylene Blue 
decoloring t st in accordance with JIS K-1470. 

In a toluene vapor adsorption test carried out in 
a vessel at rest, the above-mentioned activated 
carbon fiber fabric showed a higher adsorption rate 
than respective activated carbon fiber fabrics pro- 
duced from a fabric of a pitch fiber alone and a 
fabric of a phenolic resin fiber aJone and having 
substantially the same specific surface area and 
Methylene Blue decoloring capacity, and showed a 
smaller morphological change than the activated 
carbon fiber fabric produced from the fabric of the 
phenolic resin fiber alone. 

Additionally stated, when the pitch fiber (A) and 
the precursor fiber (B) were carbonized in an inert 
gas by heating up to 900 * C at a heat-up rate of 5 
* C/min, the shrinkage of the pitch fiber (A) was 3 
% while the shrinkage of the phenolic resin fiber 
(B) was 24 %. 

Example 2 

isotropic petroleum pitch having a softening 
point of 228 * C as a raw material was spun by a 
melt blow method, and rendered infusible and 
slightly carbonized by a customary method 
(maximum temperature: 780 * C) to prepare a pitch 
fiber having a tensile strength of 84 kg/mm 2 and an 
elongation of 2.1 %, which was then formed into a 
matted material having a unit weight of 120 g/m 2 
This matted material of the pitch fiber and a matted 
material of phenolic resin fiber having a unit weight 
of 200 g/m 2 (phenolic resin fiber: Kynol manufac- 
tured by Gun-ei Chemical Industry Co., Ltd.) was 
subjected to carding to produce card webs having 
a proportion of pitch fiber/phenolic resin fiber in 
combination of 70 wt %/30 wt. %. A few card 
webs produced In the foregoing manner were lami- 
nated on each other and subjected to needle 
punching at a punching density of 25 times/cm. 2 

The resulting fiber structure in the form of a 
non-woven fabric was treated in a nitrogen stream 
containing 40 vol. % of steam at 830 *C for 75 
minutes to be activated. 

The resulting activated carbon fiber structure 
had an adsorptive performance at least comparable 
to that of an activated carbon fiber non-woven 
fabric produced from the phenolic resin fiber alone, 
and was so better in entanglement effect than an 
activated carbon fiber non-woven fabric produced 
from the petroleum pitch fiber alone that the 
amount of fibers falling off by friction was de- 
creased and the decrease in thickness of the fabric 
through repeated vibrations and impacts was mini- 
mized. Furthermore, the pulverization of the fabric 
during the course of practical use thereof was 



reduced. 

Additionally stated, when the fibers were car- 
bonized in an inert gas by heating the sam up to 
950 * C at a heat-up rate of 3.5 * C/min, the shrink- 
5 age of the pitch fiber was 5 % while the shrinkage 
of the phenolic resin fiber was 25 %. 

Claims 

io 1. An activated carbon fiber structure comprising 
an activated and heat-treated product of a 
pitch fiber (A), and an activated and heat- 
treated product of a precursor fiber of carbon 
fiber (B) having a larger elongation and a larg- 

is er shrinkage during activation treatment thereof 

than those of said pitch fiber (A). 

2. An activated carbon fiber structure as claimed 
in claim 1, wherein said precursor fiber of 
20 carbon fiber (B) is at least 5 % larger in 

elongation and 7 to 30 % larger in shrinkage 
during activation treatment than said pitch fiber 
(A). 

26 3. An activated carbon fiber structure as claimed 
in claim 1 or 2, wherein the proportion of said 
pitch fiber (A) relative to said precursor fiber of 
carbon fiber (B) Is about 30 to 70 wt %. 

30 4. An activated carbon fiber structure as claimed 
in claim 1, wherein said precursor fiber of 
carbon fiber (B) is a phenolic resin fiber.^ 

6. An activated carbon fiber structure as claimed 

i 

$5 in claim 1, wherein said pitch fiber (A) is a 

fiber produced by spinning isotropic pitch. 

6. A process for producing an activated carbon 
fiber structure, comprising the step of subject- 

40 ing a pitch fiber (A) and a precursor fiber of 

carbon fiber (B) having a larger elongation and 
a larger shrinkage during activation treatment 
thereof than those of said pitch fiber (A) to an 
activation treatment before or after said pitch 

45 fiber (A) and said precursor fiber of carbon 
fiber (B) are formed into a configuration cor- 
responding to a fiber structure through mixing 
or laminating. 

so 7. A process for producing an activated carbon 
fiber structure as claimed In claim 6, wherein 
said pitch fiber (A) is an isotropic pitch fiber 
and said precursor fiber of carbon fiber (B) is a 
phenolic resin fiber. 

55 
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